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Appendix 8

Systematic Review:
PET as a Diagnostic Test in Alzheimer’s Disease

The final literature database searches for the systematic reviews were performed
on September 10, 1996; the assessment represents peer-reviewed literature
published and indexed as of that date.

This Appendix to the PET assessment report presents the results of the systematic review of PET
asadiagnostic test for Alzheimer’ sdisease. Alzheimer’s disease and other neurologic and
psychiatric conditions are significant presencesin the PET literature, and predate studies of the use
of PET for diagnosis of diseasesin other organ systems. Maisey and Jeffrey (1991) attribute this
emphasis to the high level of metabolic activity of the brain and to the design of early PET scanners
to accommodate only the head.

PET alowsthe qualitative and quantitative evaluation of cerebral physiology, and the exploration
of the biochemical basesfor clinical diseases. Fluorodeoxyglucose (FDG) PET brain studies have
been used for the many research and clinical purposes related to the central nervous system,
including (Hoffman, et al., 1993):

* definition of the magnitude and distribution of normal local cerebral glucose
metabolism, and the effects of age and sex on metabolism;

* locdization of seizure onset in patients who have partial complex seizures and who are
being considered for temporal lobectomy (FDA approved use of FDG);

» assessment of brain tumors, including the degree of malignancy at the time of
diagnosis, persistent postoperative tumor, differentiation of high- from low-grade
tumors and radiation necrosis from persistent tumor;

» evaluation of schizophrenia, affective disorders, obsessive-compulsive disorder;

» study of cerebral metabolism in cerebrovascular disease;

» definition of regions of changed glucose metabolism in various forms of dementia,
including Alzheimer’ s disease, Pick’ s disease, and Huntington’s disease.
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BACKGROUND

A. Description

Alzheimer’ s disease (AD) is a progressive neurodegenerative disorder, and is the most
common form of dementia. Dementiais defined by the National Institute of Neurological
and Communicative Disorders and Stroke and the Alzheimer’ s Disease and Related
Disorders Association (NINCDS-ADRDA) as “the decline in memory and other cognitive
functionsin comparison with the patient’ s previous level of function as determined by a
history of decline in performance and by abnormalities noted from clinical examination and
neuropsychological tests” (Morris, 1994). Dementiais adiagnosis based on behavior and
cannot be determined by imaging studies or |aboratory tests, although specific causes of
dementia may be identified by these means. More than 55 illnesses, some nonprogressive,
can cause dementia. AD, alone or in combination with other illnesses, accounts for
approximately 70% of cases of dementiain industrialized countries (Geldmacher and
Whitehouse, 1996).

In AD, intellectua ability, abstraction, judgment, memory, language, and finally motor
functions deteriorate (Mazziotta, et al., 1992). Cerebral (brain) tissue damageis
widespread and complex, with progressive loss of synaptic (intercellular) connections and
cell death. Genetic linkages with anumber of chromosomes, including 1, 14, 21 (early
onset disease), or 19 (late onset), have been identified for familial forms of AD (FAD).
However, the etiology of most forms of non-familia (“sporadic”’) AD remains unknown
(Schorderet, 1995).

B. Epidemiology

AD isthe most common cause of progressive intellectua failurein middle or late life, and is
the fourth leading cause of desth in the developed world (Duff and Hardy, 1994). The
etiology of AD remains undefined; risk factors that have been tested in analytic
epidemiology studiesinclude family history, head trauma, a uminum exposure, and
viruses. Findingson all of these potentially associated factors have been equivocal

(Larson, et al., 1992).

The prevalence of AD rises steadily from late middle age in al populations that have been
studied: studies using formal clinical criteriafor AD (see sections on description, above,
and diagnosis, below) from both Europe and the United States found rates per 100
population of 3.1 to 15.3 in individuals over 65 years of age, 4.1 to 6.1 in those over 75
years of age, and 7.1 to 47.2 in those over 85 (Rockwood and Stadnyk, 1994). AD
patients have amedian survival of eight to ten years after onset (range, 1 - 20 years)
(Larson, et a., 1992). Over 2 million people in the United States are incapacitated by AD
to the degree that they require assistance with daily living. Estimates of the cost of care for
those in the United States with AD have ranged from $44 billion (Mazziotta, et a., 1992) to
$100 billion (Post, 1994) per year.

Asthe proportion of elderly individualsin the United States increases, AD becomes an
increasingly important public health concern. At present, there are more than 8 million
veterans ages 65 and older (37% of the total veteran population). Improving the diagnosis
and treatment of AD isamajor goa of the Veterans Administration health care system
(Respess, 1995).
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C. Diagnosis

Much of the information in this section was taken from the chapter on dementia
(McCormick and Larson, 1991) in the book Diagnostic Strategies for Common Medical
Problems published by the American College of Physicians. This book isintended to give
practicing clinicians tools for the quantitative interpretation of clinical and diagnostic test
information (i.e., tools for the evidence-based application of diagnostic tests).

In the diagnostic strategy for AD, the presence of dementiaisfirst determined, and then its
causeis established. Screening for dementiainvolves tests such as the Mini-Menta State
Exam, which tests a broad range of cognitive functions. Once screening has documented
the presence of dementia, causes other than AD are excluded. In some patients meeting the
criteriafor dementia, cognitive impairment is due to medication side effects, depression,
other central nervous system diseases or metabolic abnormalities. Some of these may be
treated, resulting in improved or stabilized cognitive function.

A definitive diagnosis of AD isbased on atypical clinical picture and histopathologic
findings in samples of brain tissue. The histopathologic hallmarks of AD are neuritic or
senile plaques (large extracellular protein deposits) and neurofibrillary tangles (bundles of
abnormal protein filamentsinside nerve cells). Nerve cell damage and death is most severe
in the region of the hippocampus (a deep-lying structure in the temporal [obe of the cerebral
hemispheres that is involved in memory functions).

In the absence of histological confirmation of AD, patients are referred to as having a
diagnosis of dementia of the Alzheimer type (DAT), rather than as having AD. Subsequent
sections of thisreview will usethe classifications“AD” and “DAT” literdly: “AD” will
refer to cases in which the disease has been definitively diagnosed by histopathology, while
“DAT” will refer to cases to which clinical criteriaonly have been applied.

The prevalence of any cause of dementia varies among populations. Estimating pretest
probability of disease requires consideration of multiple factors: the patient’s age and race,
whether (and in what type of hospital and on which ward) the patient is hospitalized.
Reviews of dementia preva ence have included the following data for the veteran inpatient
population (McCormick and Larson, 1991):

Alzheimer’s disease, 49 - 70% of cases of dementia Huntington’s disease, 1%

multi infarct dementia, 7 - 22% Parkinson’s disease, 4%

infection, 1 - 3% Alcoholism, 3 - 8%

metabolic condition, 2% Other, 2%

neoplasm, 1 - 5% (progressive supranuclear palsy,

normal pressure hydrocephalus, 2 - 5% frontotemporal dementia, Pick’s disease,
subdural hematoma, 3% cortical basal degeneration)

depression, 3%
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Table 1 NINCDS-ADRDA criteria for clinical diagnosis of Alzheimer’s disease
Diagnosis Criteria Features consistent with diagnosis Features inconsistent with diagnosis
PROBABLE « dementia established « progressive deterioration of individual cognitive functions « sudden onset
Alzheimer’s disease « deficits in two or more areas of cognition « Impaired activities of daily living and altered patterns of « focal neurologic findings
« deterioration is progressive behavior « seizures or gait disturbances at the onset or
« no disturbance of consciousness « family history of similar disorders very early in the course of the illness
« onset between ages 40 and 90, most often after age 65 « laboratory results of:
* no other systemic disorder - normal lumbar puncture

- normal pattern or nonspecific changes in EEG
- evidence of progressive cerebral atrophy on CT

After exclusion of causes of dementia other than Alzheimer’s
disease:

« plateaus in the course of disease

« associated psychiatric symptoms, physical outbursts,
sexual disorders, and/or weight loss

« other neurologic abnormalities (including motor), especially
with more advanced disease

« seizures in advanced disease

« CT normal for age

POSSIBLE « dementia syndrome in the absence of other neurologic,
Alzheimer’s disease psychiatric, or systemic disorders sufficient to cause
dementia

« diagnosis may be made in the presence of second systemic
or brain disorder not thought to be the cause of the dementia

« should be used in research studies when a single, gradually
progressive severe cognitive deficit is identified in the
absence of other identifiable cause

DEFINITE « clinical criteria for probable Alzheimer's disease and
Alzheimer’s disease « histopathologic evidence obtained from a biopsy or autopsy
Classification of Alzheimer’s Should specify features that may differentiate subtypes of the

disease for research purposes disorder:

« familial occurrence

« onset before age 65

« presence of trisomy-21

« coexistence of other relevant conditions such as

Parkinson’s disease

Adapted from McKhann, et al., 1989
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Cluesthat conditions other than AD may be the primary cause of dementia have been
codified in clinical diagnostic criteria, including those of the National Institute of
Neurologic and Communication Disorders and Stroke and the Alzheimer’ s Disease and
Related Disorders Association (NINCDS/ADRDA) (McKann, et al, 1984; Table 1).
Diagnostic and Statistical Manual (DSM-I1IR) criteriaare also used. Table 2, adopted from
McCormick and Larson (1991) and Kukull, et al. (1990), lists the operating characteristics
of screening tests and clinical criteriain the diagnosis of dementiaand AD. The datain the
table come from eva uations of the clinical criteria against the gold standard of
histopathologic diagnosis.

Table 2 Tests for dementia and AD

Sensitivity Specificity Likelihood Ratio
Test (%) (%) " :
positive negative
Screening for dementia | MMSE 87 82 48 0.16
Diagnosing AD in NINCDS/ADRDA 92 65 26 0.12
demented patients criteria
DSM-IIIR 76 80 38 0.30

Theinformation in Table 2 should be considered when interpreting the published
evaluations of PET’ s diagnostic accuracy in AD. Kukull, et al. (1991), point out that
investigators wishing to ensure that patients classified as AD are more likely to be AD
should choose DSM criteria, while investigators wishing to include the greatest number of
AD cases, seldom assigning a false-negative diagnosis, should choose NINCDS/ADRDA
criteria. Gearing, et a. (1995) note that diagnostic accuracy hasimproved over time with
theincreasing use of formal clinical criteriaand that in none of the first 106 autopsiesin
demented patients enrolled in the Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) study was a potentially treatable disorder mistakenly diagnosed as AD
using clinical criteria

D. Treatment

No curefor AD is currently available; two drugs (tacrine and donepezil) that appear to
modify the course of AD in some patients have been approved by the FDA.
Pharmacotherapy is aso used to treat some of the neuropsychiatric and behaviora
disturbances associated with AD, and pharmacologic agents intended to affect AD cognitive
dysfunction directly are under investigation. The conceptual framework for these
treatmentsisthat AD is aprogressive degenerative dementia caused by the loss of neurons,
synapses, and associated metabolic dysfunction. Therefore, treatment efforts are focused
on the replacement or enhancement of the function of existing neurons (Whitehouse and
Geldmacher, 1994).

Severd neurotransmitter systems affected in AD may contribute to the cognitive
dysfunction and provide the basis for neurotransmitter replacement therapy. Dysfunction
of the cholinergic system in AD and evidence that this system isinvolved in human
cognition have led to clinical trials of cholinergic agents. Tacrine and donepezil,
cholinesterase inhibitors, are currently the only FDA-approved drugs for the treatment of
AD. Tacrine has amodestly positive effect on cognitive and behavioral function in 30% to
50% of mild to moderately impaired AD patients (Davis, et a., 1992); the clinical
significance of these effects has been questioned, and tacrine does not affect the course of
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the disease (Growdon 1992; Crismon, 1994). Tacrine has significant side effects,
including reversible liver damage and cholinergic adverse effects (nausea, vomiting,
diarrhea, abdominal pain, dyspepsia) (Growdon, 1992; Wagstaff and McTavish, 1994;
Whitehouse and Geldmacher, 1994). Donepezil does not appear to be associated with
hepatotoxicity (Rogers, et a., 1996).

E. Rationale for PET in AD

The primary role of diagnostic testing has been differential diagnosis of AD from reversible
or treatable diseases. These include dementia due to medication intoxication, infection,
metabolic or nutritional disorders; benign brain tumors; normal pressure hydrocephalus; or
multiple infarct dementia (MID) due to a series of small strokes (Kuhl, 1991).

Asdiscussed above, the clinical diagnosis of DAT does not correspond to AD in 100% of
cases; diagnosis early in the course of the disease can be particularly problematic

(Hoffman, 1993). Initia studiesinto the use of PET in patients who met clinical criteriafor
DAT were based on the desire to improve diagnostic certainty and to provide information
on the pathophysiologic basis of the disease. With the availability of tacrine and donepezil
and the ongoing research into other drug therapiesfor AD, arenewed impetus for an
accurate clinical diagnosis, including a diagnosis for the very early stages of dementia, has
been noted (Morris, 1994).

Jobst, et al. (1994), discussing CT as adiagnostic test for AD, summarize the reasons to
work toward increasing the accuracy of antemortem AD diagnosis. While treatment of AD
isdtill at arudimentary stage, accurate diagnosisis a prerequisite to the selection of defined
cases for evaluation of therapies. Thereisaso aneed for precise epidemiologic and
demographic knowledge about Alzheimer’ s disease and other dementias and for the best
possi ble antemortem diagnosis so that patients and their families can be provided with clear
information that enables them to organize their lives.

F. Special methodologic considerationsin evaluating a diagnostic test for
Alzheimer’s disease

Accurate estimation of the characteristics of a diagnostic test depends on thetest’s
comparison with a (hypothetically) 100% accurate “gold standard” test. When PET isused
to diagnose or stage cancer, asin the other systematic reviews conducted for this
assessment, its results are compared to those obtained by biopsy. Biopsy, while imperfect,
generaly offers a quite accurate estimate of the presence or absence of cancer. Clinica
criteria have been shown to be less than optimally accurate when compared to biopsy or
autopsy diagnosis of Alzheimer’ s disease, and the potential biases discussed below can be
assumed to be operating in the studies of PET as adiagnostic test for DAT.

If the reference or gold standard test is significantly inaccurate, the estimates of the new
test’s characteristics will be biased. Since the results of the new test and the reference test
are likely to be positively correlated (i.e., statistically dependent), this biaswill result in
higher estimates of sensitivity and specificity for the new test than would be the caseif the
test were compared with a true measure of disease status. In the rarer cases where the
reference test and the new test have statistically independent results, results with the new
test will be biased toward zero for both sensitivity and specificity (Phelps and Hutson,
1995).
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Methods for correcting bias in estimates of anew test’s accuracy compared to an inaccurate
“gold standard” test have been developed. Some of the methods have focused on the
assumption that the reference test and the new test have statistically independent results,
and permit an algebraic correction under specific circumstances (e.g. the reference test has
known sensitivity and specificity) (Begg, 1987). However, the assumption of statistical
independence of the new and reference tests is usually quite implausible for most
applications, since covariates of both test results (such as stage or severity of disease) will
affect both tests smultaneously (Begg, 1987).

Other, recently developed methods are applicable when the two tests are either statistically
dependent or independent (Phelps and Hutson, 1995). These methods require the research
studies measuring the new test’s accuracy to estimate a probability that each subject is
abnormal with the gold standard process, rather than a binary (normal vs abnormal)
measure. Phelps and Hutson provide an example of the application of these methodsto the
use of MRI for the diagnosis of multiple sclerosis (MYS).

In the absence of studies specifically designed for use of the correction methods outlined
above, Begg (1989) recommends that at least a subset of patients in each diagnostic
accuracy study for anew test have been definitively diagnosed. The estimates obtained
from studies where most patients have not been definitively diagnosed must be interpreted
with reference to the imperfect standard.

Ideally, evaluation of the accuracy of a diagnostic test for AD should rely on data obtained
from cohort studiesin which the test is applied at intervals before death in patients with
DAT, other forms of dementia, and in controls, and all subjects are followed to death and
autopsy. Such studies have been performed for CT and SPECT (see below), but the
MDRC Technology Assessment Program was unable to locate any published studies that
had used similar methods to evaluate PET.

A cooperative group of European PET centersis currently conducting such a study, which
incorporates a standardized neuropsychological test battery, standardized PET data
anaysis, and follow-up to autopsy with standardized neuropathol ogic criteria (Dr. K.
Herholz, Max Planck Institut, Germany; personal communication, 1996). The study
focuses on patients with NINCDS/ADRDA “possible” AD (i.e. the group of patientsin
whom there is the greatest uncertainty regarding diagnosis and for whom a more accurate
test would most contribute to posttest certainty) and patients with other causes of dementia.
Copies of the study protocol are available from the MDRC Technology Assessment
Program.

G. Alternative neuroimaging technologies and other testsrelevant to
diagnosing AD

1. Neur oimaging technologies

Neuroimaging (i.e., CT) for cases of suspected AD is generally considered only
after a systematic evauation of a patient’s mental status and history, and of
information from reliable informants. Diagnostic criteria help to rule out other
causes of dementia. Based on the prevalence figuresfor AD in the hospitalized
veteran population cited above (approximately 50% to 70%), clinical criteria
(likelihood ratio of 1.3 to 2.8 in the presence of a positive test result, from Table 2)
give posttest probabilities of disease from 75% to 90%. The American College of
Physicians (McCormick and Larson, 1991) recommends that CT be reserved for
patients in whom thereisaclinical suspicion of afocal or destructive central
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nervous system lesion (i.e., patients whose neurological exam or clinical history is
more suggestive of afocal central nervous system lesion than of AD or other causes
of dementia such as Parkinson’ s disease).

Jobst, et al. (1994) confirm that the role of neuroimaging in AD has been to identify
and exclude other intracerebral pathologies. The results of current work with both
PET and other neuroimaging technol ogies suggest that neuroimaging may
eventually play amore direct diagnostic role. Alternate neuroimaging technologies,
both structural (CT and MRI) and functional (SPECT), have generated equivalent
levels of research activity to that seen in support of PET as adiagnostic test for AD.
These technologies are generally more widely available than PET, and if diagnostic
accuracy were comparable, would be likely to be more widely used.

Neuroimaging alternatives that have been directly compared to PET in cross
sectional studies using clinical criteriafor DAT as the diagnostic standard include
MRI, CT, and SPECT (Table5). CT, SPECT, and the combination of CT and
SPECT have been studied in cohorts of patients followed to autopsy (Jobst, et al.,
1992 and 1994; Table 6); these studies use definitive diagnosis by histopathol ogy
as the gold standard, and provide estimates of sensitivity and specificity unbiased
by the inaccuracies associated with clinical criteria. The studiesin Table 6 also
document diagnostic thinking efficacy: Jobst, et a., provide information allowing
the calculation posttest probability of disease from likelihood ratios and age-specific
pretest probabilities; and Van Gool, et a., document the incremental contribution of
SPECT after careful clinical and laboratory examinationsin mildly demented elderly
patients.

The studiesin Table 6 provide models that would benefit all evaluations of tests for
AD. Their methodological strengthsinclude:

» cohort design incorporating an exceptionally high (96%) rate of consent to
autopsy [using methods documented by King, et al. (1993)] in AD cases, cases
with other dementing conditions, and controls (Jobst, et al., 1992 and 1994);

» resultsareframed in clinically useful terms (providing age-related pretest
probability of disease and likelihood ratios from which to calcul ate posttest
probability of disease) (Jobst, et al., 1992 and 1994);

» theinterrater reliability of the tests has been calculated (Jobst, et al., 1992 and
1994);

» control groups include both those without dementia and those with other
dementias (Jobst, et al., 1992 and 1994; Van Gooal, et al., 1995);

» sincediscrepancies among all the criteria sets used for histopathologic diagnosis
of AD arewell recognized (Jarvik, et al., 1995), all diagnoses are made with
rigorous application of the same criteria set (Jobst, et al., 1992 and 1994);

» theincremental diagnostic certainty supplied by an additional test is defined
(Van Gool, et al., 1995).

2. Other tests

Other diagnostic tests are also under development for AD. Theseinclude: presence of

theed allele for apolipoprotein E (Nalbantoglu, et al., 1994; Reiman, et a., 1996;
Nationa Institute on Aging/Alzheimer’ s disease, 1996); tau (microtubul e associated)
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protein in cerebrospinal fluid (Arai, et al., 1995); decreased [3-amyloid peptides, in
cerebrospinal fluid (Motter, et al., 1995), and hypersensitivity of pupil responsesto
tropicamide (Scinto, et a., 1994). While the these tests and other tests are still under
investigation, their potential use could have important implications for the role of more
expensive and less widely available technologies such as PET.

H. Ethical considerationsin testing for AD

Technical efficacy studies (Section VII) have used PET to identify metabolic changesin the
brains of patients with early DAT; pre-symptomatic individuals at risk for familial AD have
also participated in PET studies (Small, et al., 1995). Other means of identifying

individuals at risk for AD, such as apo etyping, are commercialy available (National
Ingtitute on Aging/Alzheimer’ s Association Working Group, 1996).

The National Institute on Aging/Alzheimer’s Association Working Group (1996) noted that
genetic risk factor assessment applied to diseases, such as AD, that involve the interaction
of several genes and environmental factorsis complicated by uncertaintiesin predicting and
diagnosing multifactorial disorders, and by the potentially far-reaching social, ethical, and
medicolegal implications of disclosure of genotype results. Many of these uncertainties
would complicate any test for early or preclinical AD.

Post (1994) summarized ethical issuesin AD, some of which relate to early diagnoss:

* pre-emptive suicide may be considered by patients who have received a diagnosis of
AD early in the course of the disease;

» early diagnosis, in the absence of interventions to modify risk or treat the disease, may
be associated harms that outweigh its benefits;

» patients have alegal and ethical right to decide, while still competent, to use or reject
technol ogies should they become incompetent

* independent living, driving, insurance, and jobs may be threatened by a diagnosis of
AD.

I, RESULTS

Fifty-five articles were selected from MEDLINE and other database searches and from the
bibliographies of initially retrieved articles as meeting the screening criteria. After review, 23
(42%) were found to meet inclusion criteria: 15 met the definition of technical efficacy (Fryback
and Thornbury, 1991; Appendix 2: Assessing Diagnostic Technologies); 6 met (with the
exception of the gold standard) the evidence-based criteriafor studies of a single diagnostic test,
and an additional 2 studies met the evidence-based criteria while comparing PET with other
neuroimaging tests.

Technical efficacy studies are listed in Section VI, below; data abstraction tables for these studies
are on file with the MDRC Technology Assessment Program. For this review, the definition of
technical efficacy was expanded to include those not designed to assess diagnostic accuracy or not
meeting the evidence-based criteriafor diagnostic accuracy. These studies do provide information
necessary to subsequent diagnostic efficacy studies (Table 4). The MDRC Technology
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Assessment Program was unable to locate any published PET studies at higher levels of the
Fryback and Thornbury diagnostic efficacy hierarchy.

The technical efficacy studieslisted in Section VII compared patients with DAT to non-demented
controls and tested the differences between groups with inferential statistics. Rapoport (1991)
summarized some of the conclusions that had been drawn at that time regarding brain metabolism
in DAT from the studies that met technical efficacy criteriafor this review and from other studies
that have appeared in the literature:

* reductionsin resting state regional brain metabolism are roughly proportiona to
dementia severity;

* metabolic reductions are greater in association areas than in primary sensory and motor
neocortical areas, and correlate with the distribution of neuropathology and cell loss
postmortem;

» brain metabolic patternsin DAT patients are heterogeneous, belonging to at least four
distinct metabolic groups that correspond to different patterns of cognitive and
behaviora abnormalities;

o anorma left/right asymmetriesin mild DAT can retain their initial direction for
extended periods, and may precede and predict the cognitive deficits that later appear;

» parietal association/frontal association metabolic ratios also retain their direction over
time;

» dthough metabolically spared compared to the association cortices, the primary sensory
cortices, basal ganglia, thalamus, and cerebellar hemispheres show metabolic declines
over time with high resolution scanners.

Table 4 presents the diagnostic accuracy efficacy studies located by the MDRC Technology
Assessment Program. Since these studies used cross sectional with controls design, posttest
probability of disease can be calculated and the studies can also be classified at the diagnostic
thinking efficacy level. Additional support for the ability of PET to accurately predict clinical
classification of DAT is provided by Hoffman, et a. (1996), who found that FDG PET studies had
high inter- and intra-rater reliability in distinguishing probable and possible AD from other potential
causes of dementia and memory disturbance.
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. SUMMARY

Table 3 summarizes published findings on the diagnostic accuracy and diagnostic thinking efficacy
of PET and its neuroimaging alternatives. The PET studies did not met evidence-based medicine
criteria (since histopathol ogic diagnosis was not the gold standard) but otherwise fulfilled most
requirements for good methodologic quality. Unique features of each test are noted, as are the
comparison groups used in each study. PET results were not quantitatively pooled, as each
published study used a different method for PET data analysis and accuracy results fell within
relatively narrow ranges. Histopathology is recognized as the gold standard for diagnosing
Alzheimer’ s disease; studies that evaluate PET against clinical criteriamay overestimate accuracy.

Table 3 Diagnostic accuracy and diagnostic thinking efficacy of PET and its
neuroimaging alternatives

Diagnostic Standard Used in Evaluation
. . Studies Characteristics
Neuroimaging
Test Histopathology Clinical criteria

CT X Se = 94%; Sp = 93.5%
(AD-specific orientation; AD vs normal controls and other dementias)
Jobst, et al., 1994

SPECT X Se = 96%; Sp = 89%
(AD vs normal controls and other dementias)
Jobst, et al., 1994

X Sp = 89%

« all probable AD, Se = 43%
« probable AD < 80 years, Se = 56%
« probable AD > 80 years, Se = 29%
* SPECT contributed to 8% of final diagnoses
Van Gool, et al., 1995

CT + SPECT X Se = 90%; Sp = 97%
(AD vs normal controls and other dementias)
Jobst, et al., 1994

PET X Se =94.6; Sp=97%
(“robust ratio”; DAT vs normal controls)
Herholz, et al., 1993
Post test probability of disease, positive test = 90%;
posttest probability, negative test = 10%
in patients with pretest probability of disease = 50%
(neural net; DAT vs normal controls)
Kippenhan, et al., 1994
Se = 94%; Sp = 79%
(4 image patterns typical of DAT; DAT vs normal controls)
Salmon, et al., 1994
Se = 94%; Sp = 53%
(4 image patterns typical of DAT; DAT vs non-DAT dementia controls)
Salmon, et al., 1994
Se = 94%; Sp = 99%
(stereotactic surface projections; DAT vs non-DAT controls)
Burdette, et al., 1996

PETvs CT X PET: Se =97%; Sp = 84% (qualitative)
CT: Se = 86%; Sp = 28% (cortical atrophy)
(DAT vs normal controls)
Fazekas, et al., 1989

PET vs MRI X PET: Se =97%; Sp = 84% (qualitative)
MRI: Se = 92%; Sp = 60% (ventricular atrophy)
(DAT vs normal controls)
Fazekas, et al., 1989

PET vs SPECT X PET: Se =80%; Sp = 100% (typical functional pattern)
SPECT: Se = 80%; Sp = 65% (typical functional pattern)
(DAT vs normal controls and vascular dementia)
Mielke, et al., 1994

Se = sensitivity; Sp = specificity
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V. DISCUSSION

The face vaue of PET’ sdiagnostic accuracy in AD appearsto be very good, and fairly equivalent
across avariety of data analysis methods and scanning protocols (Table 3; Herholz, et a., 1993).
However, PET has been evaluated against clinical criteria (an imperfect diagnostic standard) only.
Since the factors that affect clinical criteriaaccuracy (e.g. severity of disease) also arelikely to
affect PET results, the published sensitivity and specificity figures may be overestimates. The
discussion sections of these papers note that further studies comparing PET to definitive diagnosis
by histopathology are necessary to confirm results; alarge cooperative study in Europe using
histopathol ogy as the diagnostic standard is currently under way.

An additional source of bias may be attributable to the choice of clinical criteriain PET diagnostic
accuracy studies. All used NINCDS/ADRDA criteria, which are associated with a higher rate of
false positives and alower likelihood ratio for a positive test (2.6) than are the DSM-I1I criteria
(likelihood ratio = 3.8). If DMSHII criteriaare applied in patients with a pretest probability of AD
of 60% (the midpoint of the hospitalized veteran prevalence range), the posttest probability of AD
is approximately 85%. NINCDSADRDA criteriayield an approximately 80% posttest probability
of AD.

Finally, most of the casesin PET diagnostic accuracy studies had possible or probable AD
according to NINCDSADRDA criteria. Few studies applied PET prospectively to large numbers
of patients with other diagnoses (e.g., vascular dementia), which would be necessary to fully
define the positive predictive value of PET as a diagnostic test.

The clinical importance of differencesin clinical criteriaaccuracy and the additional accuracy
attributable to PET [posttest probability of disease in the hospitalized veteran population with face
value sengitivity and specificity from Herholz, et al. (1993) of > 99%] rests on changesin
management or trestment decisions that follow test results. Recent studies indicate that as
clinicians have gained experience in the application of clinical criteriatheir accuracy has increased,
and that treatable causes of dementiaarerarely missed. Since treatment optionsfor AD itself are
currently limited and use of clinical criteria appearsto missvery few treatable causes of dementia,
increased diagnostic accuracy may be needed primarily in research settings (epidemiologic studies
and evaluations of potential therapies). The value of improved diagnostic information to patients
and their families should not be dismissed; however, this value remains unquantified.

The accuracy and potential research utility of PET in AD should be viewed in the context of the
accessibility and accuracy of other imaging technologies (Tables 5 and 6), and that of other tests
that are currently available or under development. In studies directly comparing PET with standard
CT, MRI, or SPECT using clinical criteria as the diagnostic standard, PET has superior
characteristics (Table 5). On the other hand, AD-specific and relatively smple CT and SPECT
methods have been tested in rigorously designed cohort studies in which demented patients (AD
and other causes) and non-demented controls have been followed to death and definitive diagnos's;
these studies indicated that CT and SPECT may have sengitivity and specificity close to that of PET
(Table 6).
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V. CONCLUSIONS: Clinical use of PET in Alzheimer’s disease

As of September, 1996, the accuracy of FDG PET in diagnosing Alzheimer’ s disease had been
demonstrated in 5 published studies that used a variety of methods to analyze PET dataand to
arrive a decisions about the presence or absence of disease. These studies compared PET to
clinical criteriafor dementia of the Alzheimer’stype. Whiletheclinicd criteriaare known to be
somewhat inaccurate in diagnosing AD, compared to the gold standard of histopathologic
diagnosis, careful application of the criteria does appear to identify most cases of treatable
dementia.

The factors noted in the discussion section and the paragraph above argue that routine clinical
application of PET as adiagnostic tool for AD should await the results of the ongoing European
multicenter study that will evaluate PET’ s accuracy against the diagnostic standard of
histopathology, as well as development of more effective treatments and risk modification
interventionsfor AD. The multicenter study’ s results will allow more explicit comparisons among
PET and more widely available tests that may have comparable accuracy. In the absence of
effective treatments for Alzheimer’ s disease, an accurate diagnostic test may be needed primarily in
the efficacy of treatment research setting.

Finally, the role of diagnostic tests in treatment efficacy research protocols may need refinement as
subsets of Alzheimer’s disease are defined by phenotypic or genetic markers. Nalbantoglu, et al.
(1994) cdlculated the population attributable risk for the e4 allele for apolipoprotein E at about
50%. Thislevel of attributable risk suggests that late-onset AD consists of at least two disease
entities with separate underlying causes or aggravating factors. Each of the disease entities may
require different treatment strategies, and selection of patients for trestment may be based on
molecular or genetic tests, rather than on anatomic or functional imaging studies. Small, et al.
(1995) found that the e4 allele is associated with reduced cerebral parietal metabolism and increased
asymmetry in non-demented relatives at risk for probable AD. Measurement of glucose
metabolism using PET could be a means of monitoring experimental treatment responses during
early phases of AD.
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Table 4 Summary of the literature:
Diagnostic accuracy efficacy of FDG PET imaging in Alzheimer’s disease
Notes: Studies are listed in order of date of publication. Where substantial duplication in purpose of study, patients studied, and results in multiple studies from the same
institution could be inferred, only the most recent, largest, most rigorously designed, or most comprehensive was included in the table. Studies reviewed but not
included are listed under “References”.
All studies in this table used a cross sectional design with controls, and provided Level Il evidence (see Table 2 for an explanation of levels of evidence).
In several studies in this table, images were interpreted without blinding of image readers to clinical diagnosis, or blinding was not noted. In these studies,
however, PET data were analyzed quantitatively (often by automated processes) rather than visually (qualitatively), minimizing observer bias.
Study Subjects/Methods Results/Comments
Azari, et al., 1993 Purpose Estimated posttest probabilities of group membership:
NIA/NIH, to investigate whether a multiple regression/discriminant analysis procedure would distinguish « using statistical functions based on frontal/parietal region, 95% of AD cases and controls
NIMH/NIH, mildly/moderately demented patients with probable AD from controls correctly classified

Washington State
Mental lliness
Research &
Training Institute

Cases
19 mildly/moderately demented patients with NINCDS-ADRDA probable AD

Subject at risk
1 subject at risk for familial AD with only delayed memory at time of study

Controls
22 healthy age- and sex-matched controls

Methods

« PET scans parallel to IOM obtained

« absolute and normalized GMR obtained for 65 ROIs and whole brain

« analysis involved:

- selection of 2 sets of regions as dependent variables (frontal/parietal association areas and 4
smaller ROls)

- stepwise multiple regression to identify best predictors

- application of regression weights to control and AD data

- application of discriminant analyses to determine the weighting of regression residuals to
maximize differences between cases and controls

- cross validation of discriminant functions using jackknife procedure

« each subject classified as control or AD using a discriminant function

« discriminant functions applied to subject at risk

« average probability of correct classification:
- cases, 0.97 (0.78 - 1.00)
- controls, 0.93 (0.53 - 1.00)

Cross validation of discriminant functions, frontal/parietal region:
* 89% of AD patients and 86% of controls correctly classified

« average probability of correct classification:

- cases, 0.90 (0.55 to 1.00)

- controls, 095 (0.52 - 1.00)

Cross validation of discriminant functions, 4 smaller ROIs:
* 88% of AD patients and 81% of controls correctly classified
« average probability of correct classification:

- cases,1.00

- controls, 0.98 (0.83 - 1.00)

Application of discriminant functions to subject at risk:

« frontal/parietal: probability of classification as AD, 0.74; as control, 0.26 at first PET study;
probabilities 0.84 and 0.16, respectively, at second PET study (1 year after first)

« 4 smaller areas: first and second PET studies showed had probability of classifying subject as
AD of 1.00

Success of group separation
2 discriminant functions separated groups (5 subjects misclassified) with less overlap than
single, normalized glucose metabolic index.

Conclusion
This statistical approach may be useful for early detection of AD.

Study design limitation
no definitive diagnosis in any DAT subjects
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Raffaele, Milan;
Université de
Liege

37 patients with NINCDS-ADRDA probable AD

Controls
34 healthy subjects

Methods

« multiple PET slices parallel to CM line from cerebellum to 3 27 mm above basal ganglia

* GMR calculated according to machine and software properties of each center

« experienced physician performed examined images visually, with access to clinical
information (analogous to clinical practice)

« ROIs defined and GMRs calculated for regions most typically affected by AD (temporoparietal
and frontal)

« composite metabolic ratio representing typical pattern in AD calculated

Study Subjects/Methods Results/Comments

Herholz, et al., Purpose Visual analysis

1993 to assess whether a study protocol based on a robust ratio to assess the typical metabolic « high frequency of typical pattern (bilateral temporoparietal and optional frontal hypometabolism)
Max Planck pattern of AD can yield comparable results in 3 different centers

Institut, Cologne; Metabolic ratio analysis

Hospital San Cases « AD metabolic ratios significantly lower than controls

« differences among ratio means at centers not significant
« ratio increased significantly with age, but centers did not differ after age adjustment of ratios
« mean value of ratio close to 1.0 over entire age range in controls

Diagnostic accuracy

« composite metabolic ratio yielded better separation of cases from controls than did ratios of
single regions by ROC curve analysis

« at cutpoint of 0.921, Se = 94.6% and Sp = 97% (95.8% of subjects correctly classified)

Factors affecting variation among centers
« rate constants used (10% change in constant produced < 1% change in composite ratio)
« region size (10% increase in size increased ratio by 1.2%)

Conclusion
A common investigation protocol may yield comparable PET data from different centers in spite
of differences between scanners and imaging equipment.

Study design limitations
no definitive diagnosis in any DAT subjects

Kippenhan, et al.,
1994

University of
Miami , NIA/NIH

Purposes

« to generate recommendations for optimal data representation and analysis in diagnosis of AD

« to compare the ability of 2 PET cameras (PETT V and Scanditronix, a higher resolution scanner)
to diagnose AD using optimal discriminators and a neural network

« to define the most generally applicable metabolic discriminators of AD

Cases
« PETT V: 41 patients with NINCDS-ADRDA probable AD
« Scanditronix: 33 patients with NINCDS-ADRDA probable AD

Controls
« PETT V: 50 age-matched normal individuals
« Scanditronix: 74 age-matched normal individuals

Methods

« small structures from Scanditronix database combined to obtain regional representations
equivalent to those of PETT V data at lobular and lobar levels

« classification performance from each database evaluated for lobular and lobar representations
for various methods of classification (by ROC analysis) and data processing

« classifiers evaluated by cross-validation studies on training and testing sets

« neural network training by back-propagation techniques

« classification results for neural net compared to results using discriminant analysis

« different methods to preprocess data compared

Classification according to global metabolism
areas under ROC curve: Scanditronix .90, PETT V .60

Results of optimization experiments
« lobular representation and occipital normalized data resulted in best performance for PETT V
« lobular data processed with either simple scaling or normalization

Comparison of neural net and discriminant analysis
« performance approximately equal for Scanditronix lobular data
« performance of neural net somewhat higher for PETT V lobular data

Can neural nets identify groups in one database after being trained with sets including subjects
from other database?

better performance can be expected by training with lower resolution data (“noisier”) and testing
on higher resolution data than the reverse (for normalized data)

Most important and generalizable discriminating profiles learned by neural nets during lobule-
level training with both databases

« generally low metabolic values in parietal and temporal areas

« higher values in motor-sensory and occipital regions

* asymmetry

Posttest probabilities of disease

« classification at point of maximum information on ROC curve for normalized Scanditronix
lobular data resulted in posttest probability of 90% (rule in disease) for an abnormal test and 10%
(rule out disease) for a negative test

« corresponding posttest probabilities for PETT V lobular data were 87% and 24%

Authors’ comment
it should be possible to share metabolic data from different scanners and institutions to develop
an extensive knowledge base of metabolic patterns

Study design limitation
no definitive diagnosis in any AD cases
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Study Subjects/Methods Results/Comments

Salmon, et al., Purpose General findings in probable AD group

1994 to evaluate the role of visual analysis of PET metabolic patterns in patients referred for * 97% of PET scans abnormal

University of differential diagnosis of degenerative dementias « 2 patients with mild dementia had normal scans (1 showed AD pattern 5 years later)

Liege, Belgium « metabolic pattern in AD is heterogeneous; multiple cut points corresponding to subgroups of the

Cases
65 patients with NINCDS-ADRDA probable AD
(5 with a diagnosis of definite AD after histologic examination)

Controls

64 patients whose final diagnosis was: degenerative dementia atypical for AD (possible AD, 19);
Parkinson’s disease (13); progressive supranuclear palsy (1); vascular dementia (8); mixed
dementia (9); Creutzfeldt-Jacob disease (3); metachromatic leukodystrophy (1); dementia from
anoxia (1); primary progressive aphasia (2); normal pressure hydrocephalus (3); depression (4)
(7164 confirmed by histologic diagnosis)

Methods

« PET scans acquired in resting state on plane parallel to IOM line

* ROIs and visual analyses performed on 7 planes selected with brain atlas
« 9 categories of image patterns for hypometabolism:

- bilateral temporo-parietal (with/without frontal)

- unilateral temporo-parietal (with/without frontal)

- frontal regions bilaterally affected more than temporo-parietal

- frontal unilaterally affected more than temporo-parietal

- isolated bilateral frontal involvement, sometimes asymmetrical

- left perisylvian, sometimes extending to homolateral cortices

- diffuse cortical, localized above level of basal ganglia

- multiple patchy foci, cortical and subcortical

- normal

« reader (number not specified) blind to clinical data except for suspicion of dementia

9 patterns are possible

If first 4 image patterns considered positive for AD

« distinguishing AD from dementia atypical for AD: Se = 94%; *Sp = 79%; *PPV = 94%; *NPV =
79%

« distinguishing AD from all controls: *Se = 94%; *Sp = 53%; *PPV = 67%; *NPV = 89%

If bilateral temporo-parietal hypometabolism only considered positive for AD

« distinguishing AD from dementia atypical for AD: Se = 66%; *Sp = 89%; *PPV = 96%; *NPV =
44%

« distinguishing AD from all controls: *Se = 66%; *Sp = 54%; *PPV = 68%; *NPV = 52%

Study design limitations/comments

« final diagnosis obtained after unspecified time of follow up in many patients; data used at follow
up included PET (i.e., diagnostic standard not applied without knowledge of PET result and
possible incorporation bias)

« only 19 controls (with possible AD)contributed data to authors’ analyses

« histologic confirmation of diagnosis in small number of patients

 “Results” section difficult to interpret; authors indicate that analyses will be restricted to patients
with probable or definite AD (cases) and dementia atypical for AD (19/64 controls) but give
diagnostic accuracy figures based on all controls

« study has significant value in that it tested PET in a population of patients with readily
confused diseases (a common clinical situation)
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Study Subjects/Methods Results/Comments
Burdette, et al., Purpose Discrimination of AD using DZ-score, previous study (Minoshima, et al., 1995)
1996 to compare diagnostic accuracy of 3D stereotactic surface projection PET images to accuracy of | at Sp = 100% (zero false positives):
University of transaxial images using ROC analysis in cases and controls obtained retrospectively from « parietal (cutpoint DZ = .55) Se = 95%
Michigan, Ann research database « temporal (cutpoint DZ = .45) Se = 81%
Arbor « frontal (cutpoint DZ = .56) Se = 59%
Cases « unilaterally averaged DZ (cutpoint DZ = 0.36) Se = 97%
39 patients with NINCDS-ADRDA probable AD « bilaterally averaged parietal-temporal-frontal DZ (cutpoint DZ = .52) Se = 100%
« 28 questionable/mild dementia « robust ratio from Herholz, et al. (table entry above, cutpoint = .89) Se = 92%
« 11 moderate/severe dementia « false negatives were mildly demented patients with unilateral hypometabolism
« cerebrovascular disease cases: quantitative indices yielded some false positives, but
Controls distributions of metabolic abnormalities were clearly distinguishable from AD on visual
40 patients without dementia inspection
« 18 patients with cerebrovascular disease (5 multiple infarctions, 8 cerebrovasculitis with
systemic lupus erythematosis, 5 moderate/large vascular distribution infarction) ROC analysis, this study
« 22 similar-aged normal individuals from database « diagnostic accuracy improved in all readers with 3D stereotactic projections
« no difference between beginner and expert readers with 3D stereotactic projections
Methods
« 2 sets of PET images (ordinary projection and 3D stereotactic surface projection) analyzed Transaxial image display, all readers
qualitatively by 2 expert and 2 novice interpreters who received brief training sessions on day of | ¢ Se =85% + 0.06 (95% CI. + 0.10)
image analysis * Sp =88% + 0.02 (95% CI. + 0.15)
« each image set presented to interpreters in different randomized order
« images scored: definite AD; probable AD; indeterminate; probably not AD; definitely not AD 3D stereotactic surface projection, all readers, all subjects
« interpreters blinded to patient identifiers and clinical information * Se = 94%z 0.02 (95% ClI, = 0.04)

« interpreters’ response data analyzed using ROC techniques (area under curve, SD, two-tailed p * Sp =99% + 0.02 (95% ClI, + 0.03)
value for each reader and each type of presentation)
« data from questionable/mild dementia (more difficult diagnosis) analyzed separately All readers, questionable/mild dementia subjects

« Se, Sp calculated using definite and probable scores as positive for AD « transaxial projection: Se =79% * 0.06 (95% CI, + 0.02)

« 3D stereotactic projection: Se = 94%:x 0.01 (95% CI, + 0.02)
Study design limitation

no definitive diagnosis in any AD cases

= calculated by MDRC Technology Assessment Program from information provided in the article

Abbreviations: AD, Alzheimer’s disease
Cl, confidence interval
CT, computed tomography
DAT, dementia of Alzheimer’s type
EEG, electroencephalography
GMR, glucose metabolic rate
I0M, inferior orbitomeatal line
MANOVA, multivariate analysis of variance
MID, multi-infarct dementia
MMSE, Mini-Mental State Examination
MRI, magnetic resonance imaging
NIA, National Institute on Aging
NIH, National Institutes of Health
NIMH, National Institute of Mental Health
NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer’s Disease and Related Disorders Association
NPV, negative predictive value
PPV, positive predictive value
ROC, receiver operating characteristic
ROI, region of interest
Se, sensitivity
Sp, specificity
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Table 5 Diagnostic accuracy efficacy of neuroimaging alternatives to FDG PET for Alzheimer’s disease
Cross sectional studies with controls comparing PET to alternative diagnostic imaging tests
using clinical criteria as the diagnostic standard
Notes: Studies in this table were identified by searches of MEDLINE files for the years 1991 to 1996, using the terms “Alzheimer’s disease” and “diagnosis”. These
studies directly compare other neuroimaging technologies with PET.
All of the studies used cross sectional designs with controls and appeared to adequately match cases and controls for critical demographic factors.
Study Subjects/Methods Results/Comments
Fazekas, Purpose: PET vs CT vs MRI CT
etal., 1989 to describe the type and frequency of brain abnormalities detected by CT, MRI, and PET in DAT « cortical atrophy: *Se = 86%; *Sp = 28%; *PPV = 57%; *NPV = 64%

University of
Pennsylvania

and normal aging
information provided allowed calculation of diagnostic characteristics of each test

AD cases

30 DAT (DSM-1I)

« 24 “probable” and 6 “possible” using NINCDS-ADRDA

» 14 with mild to moderate DAT according to MMSE, 16 with moderate to severe

Controls
25 elderly individuals without evidence of dementia, and with medical findings comparable to
those in DAT group

Methods

» 28 DAT and 25 controls had CT

« 23 DAT and 10 controls had MRI

« 30 DAT and 25 controls had FDG PET

« for each imaging modality the scans from DAT and control subjects were randomly mixed and
interpreted separately by a neuroradiologist (CT and MRI) and a nuclear medicine specialist
(PET), without information on the age, sex, or clinical condition of patient

« extent of cortical and ventricular atrophy (CT and MRI) and severity of metabolic abnormalities
(PET) rated as absent, mild, moderate, or severe

(mild, moderate, severe atrophy grouped as abnormal)

« ventricular atrophy: *Se = 79%; *Sp = 72%,; *PPV = 76%; *NPV = 75% (mild, moderate, severe
atrophy grouped as abnormal)

« higher grades of cortical and ventricular atrophy found in DAT than in controls and differences in
mean rating between DAT and controls was significant (p < .001), but considerable overlap in
atrophy scores

MRI

(text and tables present different counts for DAT patients who received MRI; table number used
in calculations below)

« cortical atrophy: *Se = 92%; *Sp = 10%; *PPV = 55%; *NPV = 50%

(mild, moderate, severe atrophy grouped as abnormal)

« ventricular atrophy: *Se = 92%; *Sp = 60%; *PPV = 73%; *NPV = 86% (mild, moderate, severe
atrophy grouped as abnormal)

« periventricular and/or white matter lesions: *Se = 83%; *Sp = 40%; *PPV = 63%; *NPV = 67%

PET

* *Se = 97%; *Sp = 84%; *PPV = 89%; *NPV = 95%

(mild, moderate, severe hypometabolism grouped as abnormal)

« abnormalities predominately focal in early DAT, diffuse hypometabolism in more advanced DAT
« using visual criteria, the majority of focal metabolic abnormalities could not be explained on the
basis of cortical atrophy alone; metabolic dysfunction may precede anatomic changes

Study design limitations
« protocol did not provide for image interpretation by 3 2 observers
« no definitive diagnosis in any DAT subjects
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Study

Subjects/Methods

Results/Comments

Mielke, et al., 1994
Max Planck
Institut, Germany

Purpose: PET vs SPECT
to define the relative ability of HMPAO SPECT and FDG PET to distinguish AD, vascular
dementia (VD), and controls

AD cases
20 patients with NINCDS-ADRDA probable AD

VD controls
12 patients selected by modified Hachinski scores and NINDS-AIREN criteria

Normal controls ) o ) N o ) )
13 normal subjects with no clinical evidence of cognitive deficits or neurological disease who
were part of larger sample with subjective memory impairment

Methods

« patients received SPECT and PET on same day

* SPECT and PET images coregistered and standardized ROls generated

« relative regional HMPAO uptake used to assess regional perfusion differences

« relative GMR calculated from PET studies

« functional pattern typical of AD by SPECT and PET used to calculate ratio of average perfusion
or metabolism in affected areas divided by unaffected areas

* ROC analysis performed

General findings

« metabolism ratios in normals significantly related to age, and metabolic differences between
normal and AD less obvious in old age

« perfusion and metabolism ratios significantly lower in AD than in VD and controls

« no significant differences between perfusion ratio and severity of dementia or age

ROC analysis

« for discrimination between AD and controls PET had marginally significant (p = .05) advantage
(PET Se = 80% at Sp = 100%; SPECT Se = 80% at Sp = 65%)

« PET false negatives all in marginally demented patients

* SPECT false negatives scattered across range of dementia severity

« for differential diagnosis of AD versus VD, PET was superior to SPECT

Conclusions
* both PET and SPECT can distinguish AD from controls
« PET is superior in differentiating AD from VD

Study design limitations
« no definitive diagnosis in any DAT subjects

Abbreviations:

AD, Alzheimer’s disease
CT, computed tomography
HMPAO, hexamethylpropylene amine oxime

NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer’s Disease and Related Disorders Association

NINDS-AIREN,

OM, orbitomeatal

ROC, receiver operating characteristic

ROI, region of interest

Se, sensitivity

Sp, specificity

SPECT, single photon emission tomography
VD, vascular dementia
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Table 6 Study design models:
Diagnostic thinking efficacy of alternatives to FDG PET for Alzheimer’s disease

Notes: The studies tabulated below were identified by searches of MEDLINE files for the years 1991 to 1996, using the terms “Alzheimer’s disease” and “diagnosis”.

Van Gool, et al., analyzed two ongoing cohort studies in the Netherlands to estimate the diagnostic accuracy of SPECT in elderly patients presenting for an initial
evaluation for mild dementia, and to determine the incremental contribution of SPECT after a thorough clinical and laboratory examination. However, this study did
not follow patients to death and autopsy.

The Oxford Project to Investigate Memory and Aging (Jobst, et al.) used that project’s cohorts of patients with dementia and age-matched controls; analyses are
based on subjects who were followed to death and autopsy. These studies are classified as "diagnostic thinking efficacy” studies because they are presented in
a form that allows estimation of the risk of AD for an individual using age-specific prevalence data and the likelihood ratio from that individual's CT.

Study Subjects/Methods Results/Comments
Van Gool, et al., Purpose Final diagnoses
1995 to conduct a study to address methodologic deficiencies of existing SPECT studies: * 68 probable AD according to NINCDS-ADRDA criteria
Academic Medical | < definition of incremental value of SPECT after careful clinical examination « 42 other (multi infarct dementia, unspecified dementia, mixed dementia)
Center, « spectrum bias in studies including relatively young patients and patients with advanced
Amsterdam, The disease Operating characteristics of SPECT
Netherlands « diagnostic utility of SPECT in patients representing diagnostic challenge (mildly affected at temporoparietal perfusion cut point of 0.79
elderly) « non demented controls, Sp = 89%
« all probable AD, Se = 43%
Study design « probable AD < 80 years, Se = 56%
cross sectional with controls « probable AD > 80 years, Se = 29%
Cases Contribution of SPECT to diagnosis
110 patients > 65 year referred for first evaluation of dementia « before imaging, SPECT was expected to contribute to diagnostic certainty in 26% of patients
« actual contribution of SPECT to 8% of final diagnoses (5 DAT, 3 mixed dementia, 1 rule out
Controls mixed dementia)
18 subjects recruited from prospective community-based study of mental functioning in elderly
(65-85 years); controls had suboptimal cognitive scores Authors’ comments
« routine SPECT has limited value in evaluating elderly demented patients
Methods « disagreement with other published results attributed to selection bias in other studies (relatively
« initial clinical diagnosis using CAMDEX-N interview schedule, with specification of whether young patients or those with advanced disease, or highly selected healthy controls)

SPECT expected to contribute to diagnostic certainty by both individual neurologist and
consensus panel

« lab, CT, SPECT temporoparietal perfusion data then used with DSM III-R and NINCDS-ADRDA
criteria for final diagnosis

« all ancillary tests (lab and imaging) scored re contribution to change from initial to final
diagnosis

« diagnostic classification reconsidered after 6 months, FU to 2 years in some patients

* SPECT images scored by consensus of 2 of 3 neurologists blinded to clinical findings
(semiquantitative analysis)

« Se of SPECT calculated for multiple perfusion value cut points

* Sp of SPECT calculated using images from non-demented controls to avoid potential
contribution of AD encephalopathy to other primary diagnoses

* ROC analyses conducted

« a priori requirement that a claim of substantial contribution of SPECT to diagnostic process
would be validated if proportion of patients whose diagnosis changed £ 20%
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Oxford University,
UK

Study Subjects/Methods Results/Comments

Jobst, et al., Purpose CT

1992a to develop simple, clinically applicable diagnostic measures for AD at cut point of < 0.79 multiple of median (< 5th percentile for age of controls) = AD (5% false
1992b positives):

1994 Study design Se = 94%; Sp = 93.5%

cohorts with and without DAT followed to autopsy

Cases
45 cases; definitive postmortem diagnosis of AD (using pathologic criteria of Khachaturian)

Controls

+16 with other causes of dementia (documented by postmortem histopathology)
« 8 with no dementia in life and no postmortem CNS pathology

« 84 living without evidence of cognitive decline

General methods

subjects with and without dementia had detailed, repeated annual assessments (full
neuropsychological, psychiatric, physical and radiological screening) until death, when autopsy
was carried out

CT methods

quantitative evaluation of atrophy performed from temporal lobe-oriented CT acquired along long
axis of medial temporal lobe:

« linear measurement of narrowest thickness of medial temporal lobe on right or left side at level
of brain stem between its anterior and posterior margins

« interrater reliability tested by comparing measurements of 2 observers, blind to diagnosis, on
scans from 127 subjects (mean difference of 0.15, good agreement)

SPECT methods

scans assessed semiquantitatively and by consensus

« high interrater reliability

« perfusion scans graded from 0 (no deficit) to 3 (severe deficit breaching cortical rim)

* measurement falls below fifth percentile for age in confirmed AD at least 4 years before death
and certainly prior to onset of severe dementia

« results permit estimation of risk for AD for individual using age-specific prevalence data and
likelihood ratio from individual’s value for minimum thickness of medial temporal lobe (LR = ratio
of height of gaussian curve for AD to height of curve for controls at a patient’s value of the
minimum thickness of the temporal lobe)

SPECT
Grade 3 2 perfusion deficit in temporoparietal cortex = AD:
Se = 96%; Sp = 89%

CT + SPECT

using < 5th percentile for age medial temporal lobe measurement on CT and grade 3 2 perfusion
deficit in temporoparietal cortex on SPECT = AD (3% false positives):

Se =90%; Sp =97%

Authors’ conclusions

« cognitive evaluation plus CT plus SPECT decreased average false positive rate of 25% using
clinical criteria alone to less than 5%

« Main immediate value of findings is to identify groups at high enough risk of AD to justify
recruitment into clinical trials of potential new therapies

Abbreviations:

AD, Alzheimer’s disease

CT, computed tomography

Se, sensitivity

Sp, specificity

SPECT, single photon emission tomography

MTA94-001-02

MDRC Technology Assessment Program - PET Report - Page A8 - 21



October 1996

VI. REFERENCES: Background and diagnostic accuracy/diagnostic thinking
efficacy studies

Ara H, TergimaM, MiuraM, Higuchi S, Muramatsu T, MachidaN, et al. Tau in cerebrospina
fluid: apotential diagnostic marker in Alzheimer’sdisease. Annals of Neurology 1995;38:649-52.

Azari NP, Pettigrew KD, Schapiro MB, Haxby JV, Grady CL, Pietrini P, et a. Early detection of
Alzheimer’'sdisease: adtatistical approach using positron emission tomography data. Journal of
Cerebral Blood Flow and Metabolism 1993;13:438-47.

Burdette JH, Minoshima S, Vander Borght T, Tran DD, Kuhl DE. Alzheimer disease: improved
visua interpretation of PET images by using three-dimensional stereotaxic surface projections.
Radiology 1996;198:837-43.

Crismon ML. Tacrine: first drug approved for Alzheimer’s disease. Annals of Pharmacotherapy
1994;28:744-51.

DavisKL, Tha LJ, Gamzu ER, Davis C, Woolson RF, Gracon IS et a., and the Tacrine
Collaborative Study Group: A double-blind, placebo-controlled multicenter study of tacrine for
Alzheimer’s disease. New England Journal of Medicine 1992;327:1253-9.

FazekasF, Alavi A, Chawluk JB, Zimmerman RA, Hackney D, Bilaniuk L, et a. Comparison of
CT, MR, and PET in Alzheimer’s dementia and normal aging. Journal of Nuclear Medicine 1989;
1607-15.

Gearing M, Mirra SS, Hedreen JC, Sumi SM, Hansen LA, Heyman A. The Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD). Part X. Neuropathology confirmation of
the clinical diagnosis of Alzheimer’s disease. Neurology 1995;45:461-6.

Geldmacher DS, Whitehouse PJ. Evaluation of dementia. New England Journal of Medicine
1996;335:330-6.

Giacometti AR, Davis PC, Alazraki NP, Mako JA. Anatomic and physiologic imaging of
Alzheimer’ s disease. Clinicsin Geriatric Medicine 1994;10:277-98.

Growdon JH. Treatment for Alzheimer’ s disease? (editorial) New England Journal of Medicine
1992;327:1306-8.

Herholz K, Perani D, Salmon E, Granck G, Fazio F, HeissWD, et al. Comparability of FDG PET
studiesin probable Alzheimer’s disease. Journal of Nuclear Medicine 1993;34:1460-6.

Hoffman JM, Hanson MW, Coleman RE. Clinical positron emission tomography imaging.
Radiology Clinics of North America 1993;31:935-59.

Hoffman JM, Hanson MW, Welsh KA, Earl N, Paine S, Delong D, et a. Interpretation variability

of 18FDG-positron emission tomography studies in dementia. | nvestigative Radiology
1996;31:316-22.

Jarvik LF, Matsuyama SS, Ghui , Scheibel AB, VintersHV. Autopsy diagnoses of Alzheimer
disease: independent reviews and clinical implications. International Journal of Geriatric
Psychiatry 1995;10:505-10.

MTA94-001-02 MDRC Technology Assessment Program - PET Report - Page A8 - 22



October 1996

Jobst KA, Smith AD, Barker CS, Wear A, King EM, Smith A, et a. Association of atrophy of
the medial temporal lobe with reduced blood flow in the posterior parietotemporal cortex in patients
with aclinical and pathological diagnosis of Alzheimer’s disease. Journal of Neurology,
Neurosurgery and Psychiatry 1992a;55:190-4.

Jobst KA, Smith AD, Szatmari M, Molyneux A, Esiri ME, King E, et a. Detection in life of
confirmed Alzheimer’ s disease using a smple measurement of medial temporal |obe atrophy by
computed tomography. Lancet 1992b; 340:1179-83.

Jobst KA, Hindley NJ, King E, Smith AD. The diagnosis of Alzheimer’s disease: a question of
image? Journal of Clinical Psychiatry 1994;55(11, suppl):22-31.

King EMF, Smith A, Jobst, K.A. Age and Ageing 1993;22:209-14.

Kippenhan JS, Barker WW, Nagel J, Grady C, Duara, R. Neura-network classification of normal
and Alzheimer’ s disease subjects using high-resolution and low-resolution PET cameras. Journal
of Nuclear Medicine 1994;35:7-15.

Kukull WA, Larson EB, Reifler BV, Lampe TH, Yerby MS, Hughes JP. The validity of 3 clinical
diagnostic criteriafor Alzheimer’s disease. Neurology 1990;40:1364-9.

Larson EB, Kukull WA, Katzman RL. Cognitive impairment: dementiaand Alzheimer’s disease.
Annual Review of Public Health 1992;13:431-49.

Links JM, Devous MD. Detection and comparison of patterns in images (editorial). Journal of
Nuclear Medicine 1994;35:16-7.

Mann UM, Mohr E, Gearing M, Chase TN. Heterogeneity in Alzheimer’'s disease: progression
rate segregated by distinct neuropsychologica and cerebral metabolic profiles. Journal of
Neurology, Neurosurgery and Psychiatry 1992;55:956-9.

Maisey M, Jeffery P. Clinical applications of positron emission tomography. British Journal of
Clinical Psychiatry 1991,45.

McCormick WC, Larson EB. Dementia. In Panzer RJ, Black ER, Griner PF, eds.: Diagnostic
Srategies for Common Medical Problems. American College of Physicians, Philadelphia 1991.
McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of
Alzheimer’sdisease: report of the NINCDS-ADRDA Work Group under the auspices of
Department of Health and Human Services Task Force on Alzheimer’ s Disease. Neurology 1984,
34:939-44.

Mielke R, Pietrzyk U, Jacobs A, Fink, GR, Ichimiya A, Kessler J, et . HMPAO SPET and FDG
PET in Alzheimer’ s disease and vascular dementiac comparison of perfusion and metabolic
pattern. European Journal of Nuclear Medicine 1994;1053-60.

Morris JC. Differential diagnosis of Alzheimer’sdisease. Clinical Geriatric Medicine 1994;10:257-
76.

Motter R, Vigo-Pelfrey C, Kholodenko D, Barbour R, Johnson-Wood K, Galasko D, et al.
Reduction of 3-Amyloid Peptides, in the cerebrospina fluid of patients with Alzheimer’ s disease.
Annals of Neurology 1995;38:643-48.

MTA94-001-02 MDRC Technology Assessment Program - PET Report - Page A8 - 23



October 1996

Nalbantoglu J, Gilfix BM, Bertrand P, Robitaille R, Gauthier S, Rosenblatt DS, Poirier J.
Predictive value of apolipoprotein E genotyping in Alzheimer’sdisease: results of an autopsy
series and an analysis of several combined studies. Annals of Neurology 1994; 36:889-95.
National Institute on Aging/Alzheimer’s Association Working Group. Apolipoprotein E
genotyping in Alzheimer’ s disease. Lancet 1996;347:1091-5.

Phelps CS, Hutson A. Estimating diagnostic test accuracy using a“fuzzy gold standard”. Medical
Decision Making 1995;15:44-57.

Post SG. Alzheimer’ s disease: ethics and the progression of dementia. Clinical Geriatric Medicine
1994;10:379-94.

Rapoport Sl. Positron emission tomography in Alzheimer’ s disease in relation to disease
pathogenesis: acritical review. Cerebrovascular and Brain Metabolism Reviews 1991;3:297-335.

Reiman EM, Caselli RJ, Yun LS, Chen K, Bandy D, MinoshimaS, et al. Preclinical evidence of

Alzheimer’s disease in persons homozygous for the e4 allele for apolipoprotein E. New England
Journal of Medicine 1996;334:752-8.

Rocca WA. Frequency, distribution, and risk factors of Alzheimer’s disease. Nursing Clinics of
North America 1994;29:101-11.

Rockwood K, Stadnyk K. The prevalence of dementiain the elderly: areview. Canadian Journal
of Psychiatry 1994;39:253-7.

Rogers SL, Friedhoff LT, Apter JT, Richter RW, Hartford JT, Walshe TM, et al. The efficacy
and safety of donepezil in patients with Alzheimer’sdisease: results of a US multicentre,
randomized, double-blind, placebo-controlled trial. Dementia 1996;7:293-303.

Salmon E, Sadzot B, Mazuet P, Degueldre C, Lemaire C, Rigo P, et a. Differential diagnosis of
Alzheimer’s disease with PET. Journal of Nuclear Medicine 1994;35:391-98.

Scinto LFM, Daffner KR, Dresser D, Ransil Bl, Rentz D, Weintraub S, et al. A potential
noninvasive neurobiological test for Alzheimer’s disease. Science 1994;266:1051-4.

Siegel BV, Buchshaum M S, Starr A, Mohs RC, Neto DC. Glucose metabolic rate and progression
of illnessin Alzheimer’s disease. International Journal of Geriatric Psychiatry 1995;10:659-67.

Small GW, Mazziotta JC, Collins MT, Baxter LR, Phelps ME, Mandelkern MA, et al.
Apolipoprotein E type 4 adlele and cerebra glucose metabolism in relatives at risk for familial
Alzheimer disease. JAMA 1995;273:942-47.

Van Gool WA, WalstraGJM, Teunisse S, Van der Zant FM, Weinstein HC, Van Royen EA.
Diagnosing Alzheimer’ s disease in elderly, mildly demented patients. the impact of routine single
photon emission computed tomography. Journal of Neurology 1995;242:401-5.

Wagstaff AJ, McTavish D. Tacrine: areview of its pharmacodynamic and pharmacokinetic
properties, and therapeutic efficacy in Alzheimer’ s disease. Drugs and Aging 1994;4:510-40.

Whitehouse PJ, Geldmacher DS. Pharmacotherapy for Alzheimer’s disease. Clinical Geriatric
Medicine 1994;10:339-50.

MTA94-001-02 MDRC Technology Assessment Program - PET Report - Page A8 - 24



October 1996

VIl. REFERENCES:. Technical efficacy studies

Alavi A, Newberg AB, Souder E, Berlin JA. Quantitative analysis of PET and MRI datain normal
aging and Alzheimer’sdisease: atrophy weighted total brain metabolism and absolute whole brain
metabolism as reliable discriminators. Journal of Nuclear Medicine 1993;34:1681-7.

DeCarli D, Grady CL, Clark CM, Katz DA, Brady DR, Murphy DGM, et al. Comparison of
positron emission tomography, cognition, and brain volume in Alzheimer’ s disease with and
without severe abnormalities of white matter. Journal of Neurology, Neurosurgery, and Psychiatry
1996;60:158-67.

DuaraR, Grady C, Haxby J, Sundaram M, Cutler NR, Heston L, et al. Positron emission
tomography in Alzheimer’s disease. Neurology 1986;36:879-87.

Ferris SH, de Leon MJ, Wolf AP, George AE, Reisberg B, Christman DR, et a. Positron
emission tomography in dementia. Advances in Neurology 1983;38:123-9.

Foster NL, Chase TN, Mansi L, Brooks R, Fedio P, Patronas NJ, et al. Cortical abnormalitiesin
Alzheimer’s disease. Annals of Neurology 1984;16:649-54.

Guze BH, Hoffman JM, Mazziotta JC, Baxter LR, Phelps ME. Positron emission tomography and
familial Alzheimer’s disease: a pilot study. Journal of the American Geriatric Society 1992;40:120-
3.

Haxby JV, Grady CL, DuaraR, Schlageter N, Berg G, Rapoport SI. Neocortical metabolic
abnormalities preceded nonmemory cognitive defectsin early Alzheimer’ s-type dementia.
Archives of Neurology 1986;43:882-5.

Kennedy AM, Frackowiak RSJ, Newman SK, Bloomfield PM, Seaward J, Roques P, et al.
Deficitsin cerebral glucose metabolism demonstrated by positron emission tomography in
individuals at risk of familial Alzheimer’s disease. Neuroscience Letters 1995;186:17-20.

Kumar A, Schapiro MB, Grady C, Haxby JV, Wagner E, Salerno JA, et . High-resolution PET
studiesin Alzheimer’s disease. Neuropsychophar macology 1991;4:35-46.

de Leon MJ, Ferris SH, George AE, Reisberg B, Christman DR, Kricheff 11,et al. Computed
tomography and positron emission transaxial tomography evaluations of normal aging and
Alzheimer’s disease. Journal of Cerebral Blood Flow and Metabolism 1983;3:391-4.

McGeer EG, Peppard RP, McGeer PL, Tuokko H, Crockett D, Parks R, et al.
18 uorodeoxyglucose positron emission tomography studies in presumed Alzheimer cases,
including 13 serial scans. Canadian Journal of Neurologic Science 1990;17:1-11.

Melzer CC, Zubieta JK, Brandt J, Tune LE, Mayberg HS, Frost JJ. Regiona hypometabolism in
ALzheimer’ s disease as measured by positron emission tomography after correction for effects of
partia volume averaging. Neurology 1996;47:454-61.

Minoshima S, Frey KA, Foster NL, Kuhl DE. Preserved pontine glucose metabolism in Alzheimer
disease; areference region for functional brain image (PET) analysis. Journal of Computer
Assisted Tomography 1995;19:541-7.

MTA94-001-02 MDRC Technology Assessment Program - PET Report - Page A8 - 25



October 1996

Minoshima S, Frey KA, Koeppe RA, Foster NL, Kuhl DE. A diagnostic approach in Alzheimer’s
disease using three-dimensional stereotactic surface projections of fluorine-18-FDG PET. Journal
of Nuclear Medicine 1995;36:1238-48.

Slansky I, Herholz K, Pietrzyk U, Kessler J, Grond M, Mielke R, et a. Cognitive impairment in
Alzheimer’ s disease correlates with ventricular width and atrophy-corrected cortical glucose
metabolism. Neuroradiology 1995;37:270-7.

Small GW, Okonek A, Mandelkern MA, LaRue A, Chang L, Khonsary A, et a. Age-associated
memory loss: initial neuropsychologica and cerebral metabolic findings of alongitudinal study.
International Psychogeriatrics 1994;6:23-44.

VIlIl. REFERENCES: Excluded studies
Exclusion criteriawere:

number of DAT cases< 12

duplicated or superseded by subsequent study from the same ingtitution

behaviora or cognitive activation rather than resting FDG PET

radiopharmaceutical other than FDG

case series (without controls)

diagnostic accuracy efficacy study where PET data were interpreted visually but blinding
was not noted

DAT diagnostic criteria not specified

. insufficient information to judge comparability of case and control groups, details of
imaging protocol, whether visual or quantitative analysis of PET data used, or type of PET
data analysis used

Azari NP, Pietrini P. Preclinical stagesin subjects at risk for neurological disorders: can PET-
FDG tell us more? Journal of Neurology 1995;242:112-4.

Benson DF, Kuhl DE, Phelps ME, Cummings JL, Tsai SY. Positron emission computed
tomography in the diagnosis of dementia. Trans American Neurology Association 1981;106:68-
71.

Benson DR, Kuhl DE, Hawkins RA, Phelps ME, Cummings JL, Tsai SY. The
fluorodeoxyglucose 18F scan in Alzheimer’ s disease and multi-infarct dementia. Archives of
Neurology 1983;40:711-4.

Besson JAO, Crawford JR, Evans NT, Gemmell HG, Roeda D. PET imaging in Alzheimer’s
disease. Journal of the Royal Society of Medicine 1992:231-34.

Chase TN, Foster NL, Fedio P, Brooks R, Mansi L, Di Chiro G. Regional cortical dysfunction in
Alzheimer’s disease as determined by positron emission tomography. Annals of Neurology 1984,
15(suppl):S170-4.

Chase TN, Foster NL, Fedio P, Mansi L, Brooks R, Kessler R, et al. Cognitive and cerebral
metabolic function in early and advanced Alzheimer’ s disease. Monographs in Neural Sciences
1984;11:176-9.

MTA94-001-02 MDRC Technology Assessment Program - PET Report - Page A8 - 26



October 1996

Chawluk JB, Dann R, Alavi A, Hurtig HI, Gur RE, Resnick S, et a. The effect of focal cerebral
atrophy in positron emission tomographic studies of aging and dementia. Nuclear Medicine and
Biology 1990;17:797-804.

Cutler NR, Haxby JV, DuaraR, Grady CL, Kay AD, Kessler RM, et al. Clinical history, brain
metabolism, and neuropsychological function in Alzheimer’ s disease. Annals of Neurology 1985;
18:298-3009.

DuaraR, Barker W, Loewenstein D, Pascal S, Bowen B. Sensitivity and specificity of positron
emission tomography and magnetic resonance imaging studiesin Alzheimer’ s disease and multi-
infarct dementia. European Neurology 1989;29(suppl 3):9-15.

Duara R, Barker WW, Chang J, Y oshii F, Loewenstein DA, Pascal S. Viability of neocortical
function shown in behavioral activation state PET studiesin Alzhemer disease. Journal of Cerebral
Blood Flow and Metabolism 1992;12:927-34.

Farkas T, Ferris SH, Wold AP, de Leon MJ, Christman DR, Reisberg B, et al. 18F-2-deoxy-2-
fluoro-p-glucose as atracer in the positron emission tomographic study of senile dementia.
American Journal of Psychiatry 1982;139:352-3.

Ferris SH, de Leon MJ, Wolf AP, Farkas T, Christman DR, Reisberg B, et al. Positron emission
tomography in the study of aging and senile dementia. Neurobiology of Aging 1980;1:127-31.

Foster NL, Chase TN, Fedio P, Patronas NJ, Brooks RA, Di Chiro, G. Alzheimer’s disease:
focal cortical changes shown by positron emission tomography. Neurology 1983;33:961-5.

Friedland RP, Budinger TF, Ganz E, Yano Y, Mathis CA, Koss B, et a. Regional cerebra
metabolic aterations in dementia of the Alzheimer type: positron emission tomography with
[18F]fluorodeoxyglucose. Journal of Computer Assisted Tomography 1983;7:590-8.

Friedland RP, Budinger TF, Brant-Zawadzki M, Jagust WJ. The diagnosis of Alzheimer-type
dementiac apreliminary comparison of positron emission tomography and proton magnetic
resonance. JAMA 1984;252:2750-2.

Fryback DG, Thornbury JR. The efficacy of diagnostic imaging. Medical Decision Making 1991,
11:88-94.

Fukuyana H, Ogawa M, Y amaguchi H, Yamaguchi S, KimuraJ, Yonekura Y, et al. Altered
cerebral energy metabolism in Alzheimer’ s disease: a PET study. Journal of Nuclear Medicine
1994;35:1-6.

Haxby JV, DuaraR, Grady CL, Cutler NR, Rapoport SI. Relations between neuropsychol ogical
and cerebral metabolic asymmetriesin early Alzheimer’ s disease. Journal of Cerebral Blood Flow
and Metabolism 1985;5:193-200.

Herholz K, Adams R, Kessler J, Szelies B, Grond M, Heiss WD. Criteriafor the diagnosis of
Alzheimer’ s disease with positron emission tomography. Dementia 1990;1:156-64.

Jagust WJ, Friedland RP, Budinger TF. Positron emission tomography with
[18F]fluorodeoxyglucose differentiates normal pressure hydrocephalus from Alzheimer-type
dementia. N Neurol 1985;48:1091-6.

Jagust WJ, Friedland RP, Budinger TF, Koss E, Ober B. Longitudinal studies of regional cerebral
metabolism in Alzheimer’ s disease. Neurology 1988;38:909-12.

MTA94-001-02 MDRC Technology Assessment Program - PET Report - Page A8 - 27



October 1996

Kennedy AM, Rossor MN, Frackowiak RSJ. Positron emission tomography in familial Alzheimer
disease. Alzheimer Disease and Associated Disorders 1995;9:17-20.

Kesder J, Herholz K, Grond M, Heiss WD. Impaired metabolic activation in Alzheimer’ s disease:
a PET study during continuous visual recognition. Neuropsychologica 1991;29:229-43.

Kippenhan JS, Barker WW, Pascal S, Nagel J, Duara R. Evaluation of a neural-network classifier
for PET scans of normal and Alzheimer’s disease subjects. Journal of Nuclear Medicine 1992;
33:1459-67.

Kuhl DE, Metter EJ, Riege WH. Patterns of cerebral glucose utilization in depression, multiple
infarct dementia, and Alzheimer’ s disease. Brain Imaging and Brain Function 1985:211-6.

Kuhl DE, Metter EJ, Riege WH, Hawkins RA, Mazziotta JC, Phelps ME, et al. Local cerebral
glucose utilization in elderly patients with depression, multiple infarct dementia, and Alzheimer’s
disease. Journal of Cerebral Blood Flow and Metabolism 1983;3(Supplement 1):S494-5.

McGeer PL, Kamo H, Harrop R, McGeer EG, Martin WRW, Pate BD, et al. Comparison of PET,
MRI, and CT with pathology in a proven case of Alzheimers disease. Neurology 1986;36:1569-
74.

Mentis MJ, Weinstein EA, Horwitz B, Mcintosh AR, Pietrini P, Alexander GE, et al. Abnormal
brain glucose metabolism in the delusional misidentification syndromes: a positron emission
tomography study in Alzheimer disease. Biologic Psychiatry 1995;38:438-49.

Powers WJ, Perlmutter JS, Videen TO, Herscovitch P, Griffeth LK, Roya HD, et a. Blinded
clinical evaluation of positron emission tomography for diagnosis of probable Alzheimers disease.
Neurology 1992;42:765-70.

Salmon E, Franck G. Positron emission tomographic study in Alzheimer’ s disease and Pick’s
disease. Archives of Gerontology and Geriatrics 1989;Suppl 1:241-7.

Smith GS, de Leon MJ, George AE, Kluger A, Volkow ND, McRae T, et al. Topography of
cross-sectiona and longitudina glucose metabolic deficitsin Alzheimer’ s disease. Archives of
Neurology 1992;49:1142-50.

Swerdlow R, Marcus DL, Landman J, Kooby D, Frey W, Freedman ML. Brain glucose
metabolism in Alzheimer’ s disease. American Journal of Medical Science 1993;308:141-4.

Szelies B, Mielke T, Herholz K, Heiss WD. Quantitative topographical EEG compared to FDG
PET for classification of vascular and degenerative dementia. Electroencephal ography and Clinical
Neurophysiology 1994;91:131-9.

Valladares-Neto DC, Buchsbaum M S, Evans WJ, Nguyen D, Nguyen P, Siegel BV, et al. EEG
delta, positron emission tomography, and memory deficit in Alzheimer’s disease.
Neuropsychobiology 1995;31:173-81.

MTA94-001-02 MDRC Technology Assessment Program - PET Report - Page A8 - 28



